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ABSTRACT

This paper examines the extent to which variation in heating-season indoor relative humidity and
mould occurrence in English households is explained by dwelling and household characteristics. It is
based on analysis of data from a national study of England's Home Energy Efficiency scheme (Warm
Front) which provides grants for energy efficiency improvements to vulnerable households. Surveys
were undertaken of dwellings and households participating in the scheme in five urban areas. Half-
hourly living room and main bedroom temperatures and relative humidity measurements were
recorded for two to four weeks in a subset of dwellings (1.604) over the winters of 2001-02 and
2002-03. For each dwelling, regression of indoor vapour pressure excess on outdoor temperature
was used to obtain estimates of daily living room and bedroom indoor vapour pressure under
standardized conditions (outdoor temperature of 5 °C and 80% relative humidity), from which
standardized values of indoor relative humidity were derived. We present evidence on the
relationship between mould severity and standardized relative humidity, and between both these

parameters and household and dwelling characteristics, including Warm Front improvements.
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INTRODUCTION

Poor hygrothermal conditions in houses are recognised to present potential risks to health,[1] [2]
with a possible link between low temperatures and excess winter death,[3] [4] [5] [6] and between
high relative humidity and respiratory and allergic disease.[7] [8] Two key moisture-related hazards

are fungal growth and house dust mites.[7] [9]

Relative humidity (RH) of indoor air is determined by its temperature and moisture content, the
latter in turn being a function of the moisture content of the external air, the rate of internal
moisture generation, and the dwelling's ventilation rate and volume. Detailed measurements of
indoor relative humidity and mould in low income households have recently been obtained from a
national evaluation of England's Home Energy Efficiency scheme, known as Warm Front. This scheme,
which is targeted at vulnerable households, provides grants for the improvement of home insulation
and heating to tackle fuel poverty 'to ensure that the most vulnerable households need no longer risk
ill-health due to a cold home'.[10] The national evaluation therefore provides valuable evidence
about relative humidity and mould in homes which are among those most likely to be adversely

affected by them.

In this paper, we present a first analysis of hygrothermal measurements from this evaluation, and

assess the impact of Warm Front interventions on moisture-related parameters.



METHODS

The study included 3,099 dwellings undergoing Warm Front improvements over the winters of 2001 -
02 and 2002-03 in five urban areas of England: Birmingham, Liverpool, Manchester, Newcastle and
Southampton. These dwellings underwent a property survey, and had detailed measurements of
temperature and relative humidity (n=1,604). In 2,917 households, a computer assisted personal

interview was undertaken with a household member.

Standardized internal relative humidity

Temperature and relative humidity measurements were made by placing Gemini TinyTag data loggers
in the main living room and in the main bedroom of dwellings. They were placed away from direct
sources of heat and light on a sideboard or shelf at around waist height (approximately one metre
from the ground). Measurements of temperature and relative humidity were recorded in both
rooms at half-hourly intervals for periods of two to four weeks, yielding on average around a
thousand data points per dwelling. Measurements of external temperatures and relative humidity
were also recorded in central locations in each of the survey areas. Analysis of indoor temperature
and relative humidity was restricted to the 1,095 dwellings where recordings were made during
periods of cold (i.e. when the maximum daily temperature was less than seven degrees Celsius on at

least one day).

To ensure comparability of relative humidity measurements taken during periods of different
outdoor conditions, we computed standardized estimates using the following steps. First a
standardized living room temperature and bedroom temperature was derived for each dwelling by
regression of the indoor on outdoor temperature, as described elsewhere. [|I] For this we used

data from across the full 24 hour cycle and standardized to 5 degree Celsius outside temperature.

The hourly vapour pressure excess (VPX) — the difference between internal and external vapour
pressure — was calculated for the living room and bedroom of each property based on the monitored

relative humidity. The indoor vapour pressure excess was regressed on outdoor temperature using



quadratic terms to allow for non-linearity of the relationship. From the resulting dwelling-specific
regression equation, we derived the predicted indoor vapour pressure excess and its standard error
at 5°C outdoor temperature. The standardized indoor vapour pressure was then estimated by
adding the predicted indoor vapour pressure excess at 5°C external temperature to the standard
external vapour pressure of 690 Pa (5°C external temperature and 80% external relative humidity).
The standard vapour pressure was then converted to relative humidity based on the standardized
living room and bedroom temperatures. It is this quantity, which we refer to as the standardized

internal relative humidity, that is the main parameter of air moisture analysed in this paper-.

Energy Efficiency: Standard Assessment Procedure (SAP)

Energy efficiency was classified on the basis of the Standard Assessment Procedure (SAP) rating.[12]
The SAP is the standard energy calculation of the UK dwellings and is calculated for all new dwellings
as part of the Building Regulations and will be the method for England to comply with the European
Buildings Directive. The SAP is a measure of the space and hot water heating cost normalized for
floor area, assuming a standard heating pattern and fixed on a logarithmic scale resulting in a SAP
ranging between 0 and 120. The heating cost is calculated using a modified degree day method to
take account of incidental gains. The average SAP rating of a English dwelling in 2001 is estimated as

51 and a new dwelling built to the 2001 Building Regulations has a SAP of around 75.[13]

Mould Severity Index (MSI)

Each property underwent a detailed visual inspection on the occurrence and extent of mould on
windows, walls and ceilings. The species of mould was not however identified. The mould condition
in each dwelling was quantified as Mould Severity Index (MSI) - equation | - described in the 1996
English House Condition Survey [14]. The mould condition is classified as “slight” for MSI range of |
to 2, “moderate” for 3 to 4 and “severe” for 5 and over. Equation | indicates that a dwelling will

have an MSI of at least one if there is any mould growth in a single room.



MSI = the number of rooms with mould growth
+ | if there is mould in either living room
+ | if the medium mould photograph is identified

+ 2 if the worst mould photograph is identified )]

The calculation of MSI requires the quantification of the number of rooms with mould and a
comparison of the mould severity against standard photographs showing three classes of mould
severity ranging from slight, medium to worst. If mould is found in any living rooms, this is
considered to be a greater problem than if it is found in any other room since the living room is

generally better heated than the rest of the dwelling.

Air Infiltration Rate

A fan pressurization method was used to measure the whole house air infiltration rate in a subset of
191 dwellings. Information on the ventilation equipment such as passive and active vents was

gathered including the number of open flues and chimneys [15].

Other data

In addition to the temperature, relative humidity and property data, a number of variables relating to
the household and home were collected from interview with a representative of the household
(usually the head of household). From this source we used variables relating to the household
composition (size and age of oldest family member), as well as self-reported difficulty paying bills, and
satisfaction with the heating system. We also used the seven-digit postcode of residence to link each
dwelling to its Super Output Area (SOAs are very small areas devised for reporting of census
data).[16] For each SOA we obtained the 2004 Index of Multiple Deprivation (IMD) as a measure of
socio-economic status. The IMD is based on six area-based parameters: income; employment; health

& disability; education, skills training; housing; and geographical access to services.[17]



Statistical analysis

Standardized relative humidity and mould severity index were examined in relation to the dwelling
and household characteristics by tabulation and regression methods. Multi-variable analysis of the
determinants of mould was carried out by logistic regression using a binary classification in which an
MSI score > was taken as the adverse outcome (a score which excludes the lower range of the
“slight” mould classification). The logistic model provides odds ratios which may be interpreted as
the relative risk compared to a baseline group of having an MSI| score greater than one. In broad
terms, they indicate how many times more likely an MSI score >1 is at one level of an explanatory

variable compared with the baseline level.

Graphs of mould in relation to standardized relative humidity, and of humidity and mould in relation
to SAP rating, were generated using a truncated power basis for a natural cubic spline of the relevant
explanatory factor. These were generated using Stata's spbase command,[18] with three internal
knots for curves with standardized relative humidity as the explanatory factor, and two internals

knots for curves with SAP rating as the explanatory factor.

RESULTS

The median standardized living room relative humidity was 42.8% (5th centile 32.3%, 95% centile
59.8%) and the median standardized bedroom relative humidity 49.2% (5th centile 34.8%, 95th centile
66.3%) for the 1.095 dwellings for which the normalised RH was calculated . Overall, 10.1% of the
surveyed dwellings had a mould severity score greater than one (pre-intervention: 12.2%, post-
intervention: 7.9%). For reference, the median standardized living room temperature was 19.1°C
(5th to 95th centile range: 13.5 to 23.0°C) and the median standardized bedroom temperature
[7.1°C (5th to 95th centile range: 12.1 to 21.8°C). However, the living room standardized
temperature is based on the daytime hours of 8 am to 8 pm and the bedroom standardized

temperature is based on the night-time hours of 8 pm to 8 am [11].



The English House Condition Survey 1996, which is the last survey that collected mould or
condensation data, reports 14.6% of the total English stock to have mould growth of any MSI range
[14]. In comparison, both the pre-intervention and the post-intervention Warm Front dwellings
showed a higher proportion of 22.5% and 17.1% respectively. Of the Warm Front dwellings with
mould growth, 72.8% was in the MSI range of | to 2 (pre-intervention: 71.1%, post-intervention:
75.2%), 17.0% between 3 to 4 (pre-intervention: 18.6%, post-intervention: 14.7%) and 10.2% in the
range of 5 and over (pre-intervention: 10.3%, post-intervention: 10.1%). In comparison, the national
distribution shows 66% in the MSI range of | to 2, 24% between 3 to 4 and 10% in the range of 5 and

over [14].

Determinants of relative humidity and mould

Variation in standardized values of living room and bedroom relative humidity (RH) are shown in
Table |. The standardized values for the bedroom are several percent higher than those for the
living room, and the variation in relation to each explanatory factor is also generally greater for the
bedroom. Although there was only modest variation in RH in relation to dwelling type and wall
fabric, there was a clear and strong gradient with property age (the standardized RH was lower by
several percent in post 1930 dwellings), and a very strong gradient with SAP rating, the more energy
efficient dwellings having substantially lower RH values. Dwellings with 100+ mm of roof insulation
also had lower RH. Warm Front interventions appeared to be associated with lower RH in both the
living room and the bedroom, with an apparent gradient that heating + insulation measures were
associated with lower RH values than heating alone which in turn was associated with lower values

than insulation alone.

Among household characteristics, there was no clear pattern of RH with socio-economic
deprivation, as reflected by the OPDM index of multiple deprivation. However, the standardized RH
increased with increasing household number, perhaps reflecting increased level of moisture

generation. The largest change occurring from 2 to 3 occupants. Households with a member over



the age of 60 years also had lower RH, while those reporting dissatisfaction with heating or difficulty

in paying bills had significantly higher RH values.

The pattern of results for the presence of mould broadly parallels that for high standardized relative
humidity (Table 2). Having a mould severity score greater than one was less likely in dwellings built
within the last 70 years, in homes with 100+ mm of roof insulation, and substantially less in energy
efficient dwellings with a SAP score over 70. Warm Front interventions were also associated with
lower risk of having significant mould, though the gradient with increasing interventions was less clear

than for standardized relative humidity.

There was some evidence that households from more deprived areas had higher risk of having an
MSI greater than one, and again evidence for higher risk in larger households, and in households
reporting difficulty paying bills or with heating the home. Households containing at least one

member over 60 years had generally lower risk of an MSI greater than one.

Mould in relation to relative humidity and energy efficiency

Figure | and Table 2 show the clear relationship between standardized relative humidity and the
presence of mould. A very small risk of mould was seen even in dwellings with standardized relative
humidity below 40 percent, but above this there was a clear gradient of increasing risk, reaching, at

80% standardized RH, around 40% risk of having an MSI greater than one.

Standardized relative humidity values and mould risk increased with decreasing SAP rating (Figure 2).
There was some evidence that the risk of mould increased fastest at SAP ratings lower than 20,
though confidence intervals are consistent with a more-or-less constant (straight line) gradient. The
observed pattern from our data is broadly similar to that observed for all dwellings surveyed in the

1996 English House Condition Survey[14] (see Appendix Figure Al).

Warm Front interventions



The Warm Front energy efficiency program is provided in the form of grants for the installation of
cavity wall insulation, loft insulation, draught proofing and depending on the householder’s
qualification for the scheme, the option of gas wall convector heaters or a gas central heating system.
Table 3 provides further elaboration of the results in Tables | & 2 suggesting that the Warm Front
improvements were associated with reductions in indoor relative humidity and risk of mould. The
association was clear in analyses adjusted for year, area, socio-economic deprivation and household
size. Moreover, there was a strong gradient of lower RH in homes with more extensive Warm Front
improvements; the gradient in mould risk was also apparent but less clear than for RH. Additional
adjustment for SAP rating weakened but did not abolish the association between Warm Front
improvement and RH/mould risk, suggesting that some but not all of the change in these parameters

can be explained by improvement in energy efficiency.

Internal excess vapor pressure in relation to external temperature

Figure A2 shows a rise in internal concentration of moisture (vapor pressure excess) with decreasing
outside temperature based on the Warm Front data. Two factors are thought to explain this. Firstly
occupants ventilate their house more during warmer weather and secondly less moisture is
produced internally during warmer weather because people dry clothes outside and spend more
time outside. BS 5250 [19] categorises dwellings with low occupancy into humidity class of 3 with
vapor pressure excess of 610 Pa at 5°C. The estimated average vapor pressure excess of the Warm
Front dwellings, on the other hand, is much lower at 293 Pa at 5°C based on the regression equation
of figure A2. Dwelling air-tightness which is one of the contributing elements to reduced internal
moisture level does not explain the low vapor pressure excess of the Warm Front dwellings because
the average air infiltration rate of the Warm Front dwellings was 12.9 ach @ 50 Pa which is similar

to the UK average of 13.1 ach @ 50 Pa [20].

DISCUSSION



The measurements analysed for this paper represent one of the most comprehensive sets of
dwelling-related humidity and mould data for English homes, and the results provide valuable insights
into the dwelling and household characteristics that determine mould risk. They have evident

bearing on housing standards and regulation for health and safety.[21]

Our analyses demonstrate a clear relationship between standardized RH and mould growth, and it
should be possible to utilize this evidence along with the measured vapor pressure excess at a
particular external temperature to predict the risk of mould growth in any dwelling. Thus, such data
are potentially useful in specifying a clear performance standard to avoid mould growth and they may
be useful in helping to specify appropriate levels of heating and ventilation required to avoid mould

growth as required by the ventilation (Part F) Building Regulations.[22]

The evidence of our analyses is that the risk of mould growth increases above values of standardized
relative humidity of around 45%. Laboratory measurements, however, have demonstrated that
mould grows when wall surface relative humidity is above 80% for a period of several weeks [23],
although some moulds will grow at relative humidity’s as low as 70% [24]. Because external wall
surfaces are normally colder than the internal air, the relative humidity at the surface of an outside
wall will be higher than in the bulk of the room air which was monitored for this study. It is generally
believed that the most common mould species will not grow on external walls without any thermal
bridges provided the internal (air) relative humidity is maintained below 70% which generally results
in a surface relative humidity below 80%. But in buildings, the relative humidity is continually
fluctuating because of changes in internal temperature, moisture production (showering, cooking,
clothes drying, etc.), external vapor pressure, ventilation (both occupant-controlled and natural due
to changes in wind speed and temperature difference between inside and out) and moisture entering
or exiting the fabric. Translating the results of simple steady state laboratory measurements into

field data is therefore complex.

The principal reason why mould growth appears at a lower standardized relative humidity in this
study than the normally accepted 70% is attributable to the standardization of RH measurements.

We standardized RH to an outdoor temperature of 5 degrees Celsius, which is lower than the



heating season average. At lower external temperatures, the outdoor air holds less moisture to
bring into the building, so the corresponding (indoor) standardized relative humidity appears low.
However, the often higher external temperatures, particularly during the damp autumn period, result
in higher internal vapor pressures and thus higher relative humidity values at other periods of the
year. For instance, the normalization graph shown in figure A2 suggests that a different external
condition of 12°C and 100% RH (damp autumn period) will result in an internal condition of 72%
when the internal temperature is maintained at 19°C. Thus our standardized RH corresponds to
higher actual RH measurements at other times, and the finding of mould growth at standardized RH
above 45% does not contradict the current guidance. The fact that a small proportion of homes
appear to have mould even at very low standardized RH is most likely to be attributable to mould
occurring in localized areas of micro-climate such as on thermal bridges or behind furniture where
lower temperatures result in a significant difference between the monitored air and surface relative
humidity or where there are localized sources of moisture such as around bed headboards where

people exhale.

Of the various dwelling parameters analysed, the most important for high humidity and the second
most important - after moisture production (i.e. number of occupants, clothes drying, etc) - for
mould growth appears to be energy efficiency, as reflected by the SAP rating. The improvement in
SAP explains some, though not all, of the apparent benefit of Warm Front improvements. Improved
effectiveness of the heating system, the opening up of living space with the introduction of central
heating systems, and the behavioural changes following Warm Front improvements, may all make

additional contributions to the reduction in RH and mould risk.

Most of the reduction in standardized relative humidity from Warm Front interventions occurs
because of the increase in temperature, and there appears to be little change in internal vapour
pressure from changes in air-tightness. Theoretically the introduction of cavity insulation and
draught stripping, which Warm Front improvements often include, could reduce air infiltration. But

pressure tests suggest that this reduction is generally offset by an increase in air infiltration associated



with the installation of central heating systems, particularly when the pipe work feeding radiators is

installed below timber floors. [15]

It is worth noting that it is not only dwelling characteristics that determine humidity levels and mould
growth. Of particular note from our analyses is the observed increase in risk of mould associated
with the number of dwelling occupants which is consistent with the finding of the 1996 English House
Condition Survey [14]. The increase in moisture production and vapour pressure excess is
associated with higher occupancy levels, and it suggests that the impact of higher occupant density
producing more moisture into a given volume is not controlled by higher levels of occupant-
controlled ventilation. Future research will examine the extent that conventional moisture
generation algorithms [19] based on occupancy data collected as part of the Warm Front study and
ventilation algorithms determined from pressure test results [|15] can explain the variation in vapour

pressure excess and hence standardized RH.

In conclusion, this study provides quantitative evidence about the principal determinants of indoor
relative humidity and mould in low income dwellings in England. Energy efficiency appears to be a
particularly important factor, and improvements in it explain part of the clear benefits associated with

Warm Front interventions.
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Table |. Standardized relative humidity by dwelling and household characteristics.

Living room relative humidity Bedroom relative humidity
No. Standard- % difference in RH No. Standard % difference in RH
(column . (95% ClI) relative to (column . (95% ClI) relative to
ized RH . B -ized RH . N
percent) baseline group percent) baseline group
Property age
Pre 1930 340 35.1% 46.0% 0 315 35.5% 51.2% 0
1930-65 486 50.2% 43.0% -2.94 (-4.08, -1.79) 44| 49.7% 48.8% 256 (-3.94,-1.19)
1966+ 142 14.7% 43.7% -2.21 (-3.84, -0.58) 131 14.8% 47.0% -3.84 (-5.79, -1.89)
Dwelling type
Terrace and back-to-back 286 29.5% 44.6% 0 265 29.9% 49.7% 0
Detached, semi- or end terrace 614 63.4% 44.1% 0.06 (-1.13, 1.25) 558 62.9% 49.3% -0.37 (-1.80, 1.06)
Purpose built or other flat 68 7.0% 43.0% -0.97 (-3.23, 1.29) 64 7.2% 48.8% -0.92 (-3.59, 1.76)
Wall type
Solid/concrete 282 29.4% 44.7% 0 261 29.6% 50.1% 0
Cavity 671 69.9% 43.9% -1.60 (-2.81, -0.40) 612 69.5% 49.0% -1.44 (-2.90,0.01)
Other 7 0.7% 47.9% 2.55 (-3.67,8.78) 8 0.9% 51.6% 1.02 (-5.74,7.78)
Roof insulation
<100 mm 216 24.9% 45.6% 0 182 23.0% 51.8% 0
100+ mm 652 75.1% 43.6% -2.03 (-3.31,-0.76) 610 77.0% 48.4% -3.67 (-5.24,-2.10)
SAP rating (quartile)
I QlI: <=4] (least efficient) 230 23.8% 46.4% 0 200 22.5% 52.5% 0
2 Q2: 42to 56 239 24.7% 44.3% -2.25 (-3.75, -0.75) 222 25.0% 50.6% -2.36 (-4.15, -0.58)
3Q3: 57 to 69 249 25.7% 43.3% -3.63 (-5.14, -2.11) 228 25.7% 47.7% -5.50 (-7.30, -3.69)

4 Q4: >=70 (most efficient) 250 25.8% 42.8% -4.41 (-5.96, -2.86) 237 26.7% 47.2% -6.73 (-8.57, -4.89)
WE Intervention type

Pre-intervention 236 29.1% 45.4% 0 210 27.7% 51.9% 0

Insulation only 173 21.3% 44.5% -0.94 (-2.58, 0.70) 170 22.4% 50.2% -2.46 (-4.37,-0.55)

Heating only 142 17.5% 43.7% -1.90 (-3.69,-0.11) 130 17.1% 48.2% -4.74 (-6.85, -2.63)

Heating + insulation 261 32.1% 42.7% -2.97 (-4.46, -1.49) 249 32.8% 46.3% -6.45 (-8.20, -4.71)
Index of multiple deprivation$

Quartile | (least deprived) 240 25.0% 44.6% 0 217 24.7% 49.2% 0

Quartile 2 274 28.6% 44.1% -0.09 (-1.58, 1.40) 255 29.0% 49.2% 0.11 (-1.68, 1.90)

Quartile 3 243 25.3% 43.4% -0.61 (-2.17,0.95) 219 24.9% 49.1% -0.16 (-2.05, 1.73)

Quartile 4 (most deprived) 202 21.1% 44.8% 0.31 (-1.35, 1.96) 189 21.5% 50.3% 1.65 (-0.33,3.62)
Number of persons in household

I 260 34.1% 43.1% 0 239 34.0% 48.2% 0

2 251 32.9% 43.5% 0.63 (-0.72,1.98) 230 32.7% 49.2% 1.13 (-0.52,2.78)

3 104 13.6% 45.3% 2.19 (042, 3.95) 92 13.1% 51.4% 3.43 (1.24,5.61)

4+ 148 19.4% 46.7% 429 (2.71,5.88) 142 20.2% 52.2% 4.03 (2.11,5.94)
Age of oldest inhabitant

0 to 59 years 258 33.8% 46.6% 0 241 343% 51.9% 0

60+ years 505 66.2% 43.0% -3.67 (-4.83,-2.51) 462 65.7% 48.7% -3.26 (-4.67,-1.84)
Difficulty paying bills

No 502 66.1% 43.4% 0 456 65.2% 48.8% 0

Fairly or very difficult 258 33.9% 45.8% 230 (1.12,3.49) 243 34.8% 51.6% 2.82 (1.39,4.24)
Satisfaction with heating

Very or fairly, satisfactory 462 60.6% 43.2% 0 429 61.0% 47.8% 0

Fairly or very dissatisfied 301 39.4% 45.8% 2.90 (1.74,4.05) 274 39.0% 52.9% 5.27 (3.90, 6.65)

* — Adjusted for year and region
$ — IMD for the Super Output Area of residence



Table 2. Percent of dwellings with mould severity index >1 by dwelling and household characteristics.

Percent
No. (column  with mould Odds ratios (95% Cl) P-value
percent) severity relative to baseline group®  for trend
index >1
Property age
Pre 1930 1175 38.0% 11.4% |
1930-65 1464 47.3% 9.2% 0.64 (0.49, 0.83) 0.003
1966+ 456 14.7% 9.9% 0.66 (0.46, 0.96)
Dwelling type
Terrace and back-to-back 959 31.0% 9.8% |
Detached, semi- or end terrace 1923 62.2% 9.6% 0.76 (0.58, 1.01) 0.52
Purpose built or other flat 210 6.8% 16.2% 1.80 (I.14, 2.85)
Wall type
Solid/concrete 1033 33.8% 13.2% |
Cavity 1994 65.2% 8.3% 0.52 (0.40, 0.68) <0.001
Other 32 1.0% 21.9% 109 (0.44,2.72)
Roof insulation
<100 mm 690 25.5% 11.6% |
100+ mm 2018 74.5% 8.9% 0.66 (0.49, 0.88) 0.005
SAP rating (quartile)
I Ql: <=4] (least efficient) 778 25.1% 13.5% |
2 Q2: 42to 56 809 26.1% 9.9% 0.67 (0.49, 0.93)
3Q3: 57 to 69 794 25.6% 9.9% 0.63 (0.45,0.88) <0.001
4 Q4: >= 70 (most efficient) 718 23.2% 6.8% 035 (0.23,0.51)
Normalized relative humidity?
| Quartile | (lowest) 243 25.1% 5.8% |
2 Quartile 2 242 25.0% 5.8% 0.95 (0.44, 2.06)
3 Quartile 3 241 24.9% 8.7% 1.58 (0.7, 3.26) <0.001
4 Quartile 4 (highest) 242 25.0% 16.1% 3.57 (1.84,6.94)
WEF Intervention type
Pre-intervention 775 29.3% 12.0% |
Insulation only 568 21.5% 9.9% 0.68 (0.47,0.98)
Heating only 471 17.8% 8.3% 054 (036, 0.82) 0.003
Heating + insulation 832 31.4% 8.2% 0.61 (0.43,0.85)
Index of multiple deprivation$
Quartile | (least deprived) 791 25.8% 9.9% |
Quartile 2 770 25.1% 11.7% 179 (1.26, 2.56)
Quartile 3 763 24.9% 10.7% 165 (1.13,2.41) 0.03
Quartile 4 (most deprived) 745 24.3% 8.2% .68 (I.11,2.55)
Number of persons in household
| 822 32.5% 6.3% |
2 820 32.4% 9.8% 1.69 (1.16,2.46)
3 352 13.9% 10.5% 189 (1.20,2.98) <0.001
4+ 539 21.3% 16.3% 3.01 (2.06, 4.40)
Age of oldest inhabitant
0 to 59 years 970 38.3% 13.3% |
60+ years 1563 61.7% 8.2% 058 (0.44, 0.76) <0.001
Difficulty paying bills
No 1568 62.1% 7.6% |
Fairly or very difficult 956 37.9% 14.4% 220 (1.68,2.89) <0.001
Satisfaction with heating
Very or fairly, satisfactory 1463 57.8% 7.8% |
Fairly or very dissatisfied 1069 42.2% 13.4% 205 (1.55,2.70) <0.001

* — Adjusted for year and area

$ —IMD for the Super Output Area of residence
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Table 3. Standardized relative humidity and mould severity index >1 in relation to intervention status

Percent difference (95% CI) from baseline group Odds ratios (95% ClI) for

in standardized relative humidity mould severity index >1
Adjusted for Type of intervention relative to baseline group
Living room Bedroom .
(n=601)" (n=640)" (n=2,155)
Area, year, Pre-intervention 0 0 |
deprivation, Insulation only® 112 (-301,0.78) -2.88 (-5.13, -0.64) 0.64 (0.41, 1.00)
household size Heating only® -2'63 (-4.46, _(') 80) -5.84 (-8.04, -3.64) 0.47 (0.30,0.75)
(model I) Heating + insulation _3:‘“ (_4:94: -I:89) -7.62 (-9.44, -5.80) 0.55 (0.38,0.81)
Model | + Pre-intervention 0 0 I
S:P . Insulation only -051 (-2.43, 1.41) -2.22  (-4.49, 0.05) 0.69 (0.44, 1.08)
;af';g Heating only 2122 (-322,079)  -402 (-6.43,-1.61) 0.66 (0.40, 1.10)
(model 2) Heating + insulation -1.93 (-3.71, -0.15) -5.63 (-7.75,-3.52) 0.81 (0.53, 1.24)

* all results based on the subset of records with complete data for: area, year, index of multiple deprivation, household size, SAP energy
efficiency rating

? loft insulation or cavity wall insulation or loft and cavity wall insulation

b gas central heating system
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Figure I. Relationship between mould and standardized relative humidity: (A) living room standardized

RH, (B) bedroom standardized RH. Graphs show predicted values (solid line) and 95% confidence

intervals (dashed).
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Figure 2. Standardized relative humidity of (A) living room and (B) bedroom against SAP rating; and (C)

proportion of homes with mould severity index>| against SAP rating. Graphs show predicted values

(solid line) and 95% confidence intervals (dashed).
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APPENDIX

Figure Al. Percent Households with mould vs SAP rating. Source: 1996 English House Conditions

Survey
Mould versus energy efficency
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Source: Englich House Condition Survey 1996 Energy Report

Figure A2. Vapour pressure excess vs outdoor temperature (Warm Front data)
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Regression equation:

vapour pressure excess (Pa) = 369.4 - 15.2 x (outdoor temperature in degrees Celsius)
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